b

R
Rt

S

MISSION CONTROL SYSTEMS

'EFFECTIVENESS ANALYSIS

i




MITRE Technical Report

MTR- 1202 3 _

No. Vol. Sericm:_ Rcv._ ASupp. Cor:

Subject: Part I: Real Time Computer Complex (RTCC)
Part II: Simulation Checkout and Training
System (SCATS)

Author: Part I: A, Cochen, E. S. Herndon
Part II: D. I. Buckley
Dept.: D-05

Date: 10 June 1966

Contract No.: AF 19(628)-5165

Contract Sponsor:  ESD

Project: 8270

N > Y e - e e - - RO
Pomt om0y S——y — e :
e it e P e PP o2 T
o P P e A o
— = i e R S S e e

Issued at:

Department Approval: W&(/ Mﬂf’wm‘l_i

W. B, Woodward

MITRE Project Approval: ‘p““"/ »

D. Goldenberg

e

. i‘

&
i
i,

CORPORATION

BEDFORD, MASSACHUSETTS

THIS 1S A FORMAL REPORT PREPARED BY MITRE AS PART OF ITS EFFORT UNDER THE CITED PROJECT AND CON-
TRACT. REPRODUCTION CR FURTHER DISSEMINATION IS NOT AUTHORIZED. IT HAS NOT BEEN REVIEWED BY THE
DIRECTORATE OF SECURITY REVIEW, DEPARTMENT OF DEFENSE, AND IS NOT FOR PUBLIC RELEASE.







ABSTRACT

PART I: RTCC

The evaluation of the Real Time Computer Complex presented in this
study concentrates on three general objectives:
1. Capacity and Capability of the System to
Meet Requirements
2. Effectiveness with which the System Meets
these Requirements
3. Capability of the System to Respond to
Changing Requirements
Emphasis is placed on the organization of the system, particularly
of the Executive program, and the use of storage, and how these relate

to the above evaluation objectives.

Part II: SCATS
This part sets forth the results of the initial study of the
Simulation Checkout and Training System, defines certain salient techni-

cal questions that remained unanswered at the conclusion of the study

Apollo SCATS to provide answers to these question's.
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SECTION I

INTRODUCTION

BACKGROUND QF STUDY

This part of the MITRE study has been directed at the present IBM
7094 System, notwithstanding the fact that this system is. being replaced
by an IBM 360-75 System. The first 360-75_has .been. installed . .already and
the whole of the IBM 7094 System will be.replaced.by .the.end.of 1966.. At
. the time at which this study began, there was.little information .available
about the 360-75 System which could form the. basis for.analysis. ..At the
direction of NASA, MITRE has therefore. studied .end.analyzed the present
capability, and no time has been spent an the IBM 360-75 System.

The study began with a detailed analysis of the IBM 7094 computers
and. the software system. It soon became apparent that the key. to under-
standing the software lay in the Executive .System.  The Executive is
fundamental to the performance and operation..of. the system. This phase
was completed by the generation of two sets of charts describing the
working of the Executive - the Executive System Functional Chart, which
describes the Executive from a functional point.of. view, and three Ex-
ecutive System Logic Charts, which chart the logic flow of control through

the Executive.

This analysis of the Executive has been followed by analyses of
selected topics, the selection being determined primarily by the time

available to complete the study.

GENERAL OBJECTIVES OF THE STUDY

Three general objectives have been defined for a study of the RICC..
They are:

1. Capacity and Capability of the System to Meet Requirements
2. Effectiveness with which the System Meets these Requirements

3. Capability of the System to Respond to Changing Requirements

GENERAL OUTLINE OF STUDY
Section ITI of this part of the report provides a general functional

description of the RTCC System; Section III describes the objectives of



the study; Section IV contains the analysis; Section V summarizes the
principal conclusions; and Section VI discusses recommendations for

future study.



SECTION IT

GENERAL FUNCTIONAL DESCRIPTION

INTRODUCTION

A general functional description of the RTCC system is provided in
this section to introduce those system elements for which .data is pre-
sented in the analysis section which follows.. The. principal emphasis in ..
the analysis is on the organization of the syshem.and the.performance.
characteristics of the executive software; .consequently in this descrip-
tion the material is presented on both hardware. and program functions as.
_ they relate to the analysis objective. The mechanization of these func-
tions is treated only to that level of detail which.ls reguired to.
understand what‘each element of the system does. ..It. is assumed that. the
reader‘has a genéral working knowleage.of the RICC. .While no particular
orientation to hardware or software is assumed,. those .associated with the

latter may find this report of greater interest.
RTCC HARDWARE FEATURES »
This section discusses certain features of the RICC hardware system

which have an important bearing on the software... No .attempt. is made,

however, to describé the hardware comprehensively.

Figure 3-1 shows a Simplified block diagram of one of the IBM 7094
computers. - Table A-3 in Appendix A contains a list. of the principal

components of the computer.

Multiprogramming Capability

The multiprogramming capability of the RICC System is facilitated by
two hardware features the use of which are under.program control. These

are described very briefly.
Address Reloéate Mode
When in the Address Relocate Modé, an 8-bit Relocate. Register

contains a Relocation Factor which is added to all CPU-generated memory
addresses, except those generated during the execution of a trap. The
Relocate Register does not contain the least signifiéaﬁt,S,biis'of the
address, so that relocation takes place by a multiple of 256, up to and
including 255 X 256 (65,280). The computer can enter or leave the

3
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Relocate Mode under program control, and it will also leave the Relocate
Mode on a trap, or upon the execution of the Store and Trap (STR)

instruction.

The use of the Relocate feature allows all programs, except the Exs
ecutive Program that resides permanently in main core, to be assembled
relative to location zero, but executed from any area of core that is

available at the time of execution.

Address and Instruction Protection Mode

The Address and Instruction Protection Modé (ATPM) permits areas
of storage to be protected. Two registers, an Upper Bounds Register (UBR)
and a Lower Bounds Register (LBR), are loaded with the bounds of an area
of storage, and the computer enters AIPM. Either "inside protection” or
"outside protection" may be specifiéd. Inside protection protects the
area bounded between the LBR and the UBR, and outside protection protects
the area outside these bounds. A "Protect Trap" will occur when any
address used to access main memory falls within the protected area, unless
it is an I/0 generated address, or an address generated by a trap or the
STR instruction. The computer can enter or leavé the Address and Instruc-
tion Protection Mode under program control, and it will also .leave AIPM

on a trap or upon executing the STR instruction.

The use of the AIPM feature permits the Executive to restrict a
program to its own area of core, and to prevent it from altering anything
outside its own area. Thus the integrity of all core outside the program

area 1s guaranteed.

IBM 2361-A Large Capacity Storage

_This core-storage device has been referred to throughout this report
as the "Core-File." It should not be confused with the IBM 7253 Core
Storage File of 262,144 words which was formerly used.

The 2361-A Core-File provides 524,288 words of random access storage:
The data transfer rate is 250,000 words/second through the IBM 7286
Direct Data Channel. Data may be transferred between main core and the
Core-File in single blécks, of any size, within the size of main core
available, starting at any location in the Core-File, to any area in

main core.



PROGRAM STRUCTURE

Two aspects of what may loosely be called program structure are
discussed in this section: the use of storage and the division of program
tasks. The program may be grossly divided into two classes. of programs:
Executive programs and Mission programs. The divisipn of program tasks
between these two classes of programs will be described, In addition, -
the allocation of storage to these two classes of programs and their
associated tables is discussed. Emphasis is placed on the services pro-
vided by Executive to the Mission programs and how storage is used in the
system because these will be discussed extensively in the analysis sec-

tion which follows later.

Use of Main Core and Core-File Storage

A1l programs are operated from main core; in it reside the input and
output buffer areas associated with the Data Communication Ghannel (DCC),
the most frequently used routines of the Executive program, and an Execu-
tive buffer pool which is used for temporary storage of data and
outstanding program processing tasks. The remaihder of main core is dy-
namically allocated to programs which reside on the Core-File and are

called in to operate as required.

The Core-File is used as a high speed random access bulk storage
device for programs and data tables. All Mission programs and some of

the less frequently used Executive routines are stored on the Core-File.

Division of Program Tasks

' The program system is built on a concept of dividing the tasks be-
tween an Executive, most of which resides permanently in main core, and
Mission programs which are stored on the Core-File and broughtrinto main

core when they are required to operate.

The Executive performs several tasks for the system. It handles all
input and output operations, provides for logging of data, allocates
space in core for programs which are needed, and calls programs into
-operation on the basis of requests by other programs or the receipt of -
inputs. With respect to this last function, the Executive maintains a
program priority and status table which indicates for each program where
it is located and where its outstanding tasks are located in the Executive

buffer pool. These tables also indicate by control bits which programs

6



are quetied (that is, have an outstanding task), which programs are in - -
process, and which programs are suppressed from operation. These Execu-
tive control functions are discussed in greater detail in the section
following, EXECUTIVE SYSTEM FUNCTIONS.

Mission programs, which are relocated and protected, rely heavily
on the Executive. They communicate with one another via the Executive.
They rely on the Executive for all input/output operations. Mission
programs, because of the relocate and protect features, cannot make : °
references to absolute locations nor can they request memory accesses
outside thelr protected area. In order to obtain data, the Mission pro-
grams request the Executive to place the data in their work area. Mission
programs also fely on the Executive for such miscellaneous services as

clock readings and the formatting of data for BCD or teletype output.

The Mission programs contain all of the logic required to control
the mission and to provide the computation associated with tracking,
telemetry, etc. The control decisions are performed by programs called
supervisors and their associlated "functions."* The supervisors call
upon processors, a second class of programs, to perform necessary calcu-~
lations. Thus virtually all mission related activity is contained in

the Mission programs,

The Executive system, on the other hand, has very little cognizance
of mission activity. This cognizance is restricted to a routing table
which identifies each incoming message type and indicates how the data
should be handled, and the program priority table which indicates the

relative priority and status of each of the Mission programs.

#* "Functions" when used with quotation marks will indicate a unit of
operating code which is part of a supervisor. This is done to make clear
that we are talking of "functions" as used by IBM in their RTCC program E
literature. The word function without the quotation marks will be used

in its less restrictive sense throughout this section.



'EXECUTIVE SYSTEM FUNCTIONS
Figure 3-2 presents a block diagram indicating the flow of informa-
tion controlled by the Executive system. A brief description of each of .

these Executive gontrol functions will be presented.

{; Data Communication Channel Inputs - Upon a trap by the DCC,

the Executive takes control and moves the input data to the Executive
buffer pool, It then interprets the message identifier portion of the °
input message. Three options exist for the disposition of input messages;
they may be ignored, stored on the Core-File, or routed to the appropri-
ate mission program. In the last option, routed inputs, the Executive
leaves the data in the Executive buffer pool along with appropriate
control information and queues the mission program which will process

the data.

NOTE: At the end of each of the functions described in
this section, the Executive enters a seguencing routine
to determine which program to operate next. The routine
has three entries. At the prineipal entry it searches
the priority table for the highest priority program which
is queued or in process and ready to operate. The other
two entries to the sequencing routine bypass the search
of the priority table; these are used when the priority
of a program can be assumed. These entries elther re-
store the last program to operate, or restrict the priority
search to "functions" within a given supervisor. At the
end of the sequencing routine the most current task is
moved to the program working area and the program is
started.

2. DCC Qutputs - Mission programs which have prepared data for
output on the Data Communication Channel call upon the Executive to do
the actual output of data. This activity of the Executive includes
moving the data to the output buffers and initiating the channel com-
mands. If the subchannel is busy, the request is stacked until the

channel traps, thereby indicating completion of the last output.



HATLOOHYA A€ QETIOWINOD NOILVWHOANI A0 MOTL

SHYED0Ed | Z=¢ mODIZ
HIYL KILSKS
D)
SHYY D04 NOTLYO0TTY GTid TH00 ,
, TOTI¥oOTTY G700 3

S T N |  SINdLMO AL/d TENNVHO

STTEYL 2 SHTEYL 04 STTvD Wvdoowd 7] JWHUREd NOTSSIW YIVQ

T THOO _
g | opl
=5
=Zlo s
=1 K3 e
R E
B I
5[5 B
Q 2
o
=
ta

v b b
T TLODTXE
— SINJLO0 TdVI 50T o
— SI04IM Tavi 9071
50T WELLNG TATIO0AYE
| ]
po— SINALO0 004
104100 B LNANT ﬁ SLONT 00Q

H80D0 NIWW



3. Digital to TV Converter Outputs - This activity of the

Executive system is analogous to that for DCC outputs with the difference
that the outputs are made from program working 4reas instead of .the

dedicated buffer areas.

4. Log Tape Outpubts - The logging activity of the Executive

is used to record on tape selected DCC inputs, DCC outputs, and Digital/
IV Converter Outputs. The logging activity consists of routines to
create log records, to initiate the output, and, upon completion of out-
put, to make available the Buffer areas and/or program areas from which

data was written.

5. Linkage - Mission programs commumicate. with one another in-
directly through the Executive linkage routines. The Executive interprets
a wide variety of linkage calls. These calls are used to queue new pro-
grams, pass control information or data to other programs via the

Executive, or to indicate completion of the previous task.

6. Miscellaneous Services - The Executive provides several

services for mission programs upon request. These include: suppression
of "functions,“~release of "functions,"'mOVing data into a designaﬁed
area of a supervisor, changing the input routing table, providing clock
readings and calls for programs on the system tape to be read onto the

Core-File.

7. PrintMrite Services - Upon request of mission programs

the Executive will take data from a mission program, format it for BCD or

teletype and output the data on the appropriate channel.

8. Input/Output of Z Tables - In the course of operation, mis-

sion programs frequently require data tables, known as Z Tables, which

are stored on the Core-File. These I/0 services are handled by the same
Executive routines which handle all other I/0 operations, the only reason
for distinguishing between the classes of I/0 is to indicate the different

types of traffic involved.

9. Core Allocation - The Executive receives input data’and Tink-

ége%callszf?om*miésiénu@foéréms both of which can result in a need for
a program which is not currently in main core. Core allocation encom-

passes those Executive activities which are required to find space in

10



main core, move the program into core from the Core-File and enter the

program,

10, GCore-File Allocation - It is possible during some missions

that all of programs required cannot be accommodated in Core-File and
that some must remain on the system tape. To provide for such cases, the
Executive has routines to move programs to Core-File from the system

tape via main core.

11



SECTION III

STUDY OBJECTIVES

EVALUATION OF SALIENT STUDY AREAS
This section presents a brief survey of the three salient ‘questions

which are considered important for analysis in a study of the RTCC.

1. Capacity and Capability of the System to Meet Réquirementé
2. Effectiveness with which the System Meets these Requirements

Ability of the System to Respond to Changing Requirements

Capacity..and Capability of System to Meet Requirements

A principal question of interest is: "Can the job be done within
the time constraints of the real-time environment?" The ability of a
system to perform a job is a function of the computational load imposed
by the job, the performance characteristics of the hardware and the
individual system programs, and the way in which the system is organized
to handle the programs and data. The question of performing the job
within the time constraints will resolve into a consideration of whether
the required computations are performed without exceéssive backlogging or
delays, OSystem loading, expressed as the percentage of time that the
central processing unit is required to work, is a measure of whether jobs
are being done within time constraints. If for several seconds the sys-
tem is saturated, that is, if loading is at 100% capacity, jobs are

being backlogged and delayed.

The system loading varies during the mission as the computing re-
quirements change from phase to phase. An analysis of system loading
would consider both the variations in computational load and the computer
hardware and software performance characteristics. This type of analysis
has been done in the past by IBM to estimate the capability of the RTCC
to perform the necessary computations. A computer system model was used °
to perform this analysis in which machine configurations as well ‘as in-
put loading characteristics were varied to determine if the system would

carry the load.

Another question of interest is concerned with the utilization of

storage capacity, including the use of main core, Core-File and magnetic

12



tapes. The amount of core storage available clearly has an important
bearing on the capacity and capability of the system and it influences -
the usage of CPU capacity in subtle ways. The manner of use of the ¢
Core-File is also important not only as it determines the effective
total storage available, but also in its influence on the use of CPU

capacity.

Effectiveness With Which the System Meets These Reguirements

No less important than the study of capacity and capability of the
system and an essential adjunct to it, is a study of system effectiveness.
The type of questions addressed in such a study are not whether the system
does the job, but how well it does it. This study focuses on the organi-
zation of the system to determine if savings in computing capacity can
be achieved by changing the way that programs and data are handled.

This study would consider in particular the design characteristics of the
Executive System and would make use of data on the loading imposed by

various parts of the system.

Ability of the System to Respond to Changing Requirements

The flexibility of the system, or ability to respond to changing or
additional requirements, is perhaps one of the most controversial areas
of interest. It is not a question that is readily amenable to quantita-
tive evaluation - rather it is more a subject for opinions and value
judgments. However, it is of direct concern to many people outside the
RTCC and as such it should be worthy of study.

SCOPE OF THE MITRE STUDY
In seeking answers to each of the salient questions for study, the

analyses that were made are described as follows:

1. Capacity and Capability of the System to Meet Requirements
The study has been restricted on this question to an analysis of the
struecture of program and data storage on the Core-File and a discussion

of how the effective storage capability can be increased.

2. Effectiveness with which the System Meets these Requirements
Results from system model simulations as well as the statisties
teken during mission simulations have indicated that a large portion of

the system capacity is taken up by the Executive System, roughly half of

13



the used computing capacity. This observation led to an examination of
how the system is organized with particular emphasis being placed on the
functions performed by the Executive System. The effect of system organi-
gzation on system loading has not been treated in detail in the past, and
so it was felt that by concentrating on the system organization .some new
light could be shed on the impact of software design on system computing

capacity.

3. Ability of the System to Respond to Changing Requirements

This part of the MITRE study has been restricted to a brief survey
of the important characteristics of software that allow flexibility and
of the principal aspects of the hardware and software systems that in-

fluence the ability to respond to changing requirements.

14



SECTION IV

ANALY3I3

INTRODUCTION ,
This section reports the analysis-of three topics which ﬁave been
covered by the MITRE study of the RTCC System., They are:
1. Core~File Utilization
2. System Loading
3. System Flexibility

CORE-FILE UTILIZATION

This section presents a discussion on the structure of Core-File
storage. In this context "structure" refers to the way in which the con-
tents of the Core-File can be related to the phases of the migsion.

Current practice is to store all programs and all data tables (Z Tables)
on the Core-File for all phases of the migsion. The capability exists to
store programs on magnetic tape, and to bring them in to the Core-File as
required (queued) by the program. When a program, that is not on the Core-
File, is queued, space is allocated on the Core-File and the program is read
in from megnetic tape and written into the allocated space. Informstion on
the requirements for programs by phase of the mission is readily available.
At present the software capability does not exist to allocate Z Tables from
tape as needed and information on the requirements for Z Tables by phase of

the mission is not readily available.

The approach to the analysis of mission program storage was to classify
them according to mission phase in which they are used, and to attach a
"Usage Code" to each mission program. This Usage Code will be described
under "Usage of Mission Programs", and it has a bearing on a discussion of
the use of magnetic tape as an auxiliary store to back up the Core-File.
This will be shown, in the paragraphs under "Discussion of Mission Program

Storage Requirements", later in this section.

The approach to analysis of data table storage was to classify and
tabulate data tables by size of the table (number of words). The classifi-

cation of data tables is not of primary importance to: a ' discussion

15



of the structure of the Core-File storagé, but it has a bearing on certain
aspects of the analysis of Program Operating Statistics in the section on

System Loading.

Sources of Data

The analysis of Core-File Utilization was based on data for the GTA-9
Gemini-Agena Rendezvous Mission. The following sources of data were used:
1. "Ninth Gemini Mission Development Plan", dated 3 May 1966.

Thig document provided a list of programs included in the

GTA-9 Mission Operational Program.

2. "Gemini-Apollo Executive System Initialization. Copies of
On-Line Messages and Other Information", dated 6 May 1966.
This on-line printout, made at the time of Executive Initi-
alization, provided information on the sizes of programs on
the Core-File, and a list of Z Tables on the Core-File and

their dimensions, for GTA-9.

3. Discussions with James C. Stokes, Assistant Chief, Real-Time
Program Development Branch, Mission Planning and Analysis
Division. Information was obtained on the usage of programs

and the phases in which they are used.

Analysis of Core-File Utilization by Misgsion Phase

Phases of the Mission

A Gemini rendezvous mission, such as GTA-9, is divided into
the following phases:
Prelaunch 1 - Agena prelaunch (P1)
Launch 1 - Agena launch (L1)

Prelaunch 2 - Gemini prelaunch (P2)(Includes Agena
Orbit)

Launch 2 -~ Gemini launch (L2)
Orbit - Gemini and Agena orbit (0)

Reentry - Gemini reentry (R)

16



Programs Required in Mission Phases

The accompanying Table 3-1 summarizes the requirements for
storage on the Core-File in each phase of the mission. Table A-1 in

Appendix A lists these requirements in more detail.

It may be observed from Table A-1, that the Prelaunch 2 and
Orbit phases overlap to a very great extent. Many of the Orbit phase
programs are required in Prelaunch 2 because the Agena is in Orbit.
This processing is suspended during Launch 2. During Launch 2, however,
there is a requirement to have Re-entry phase programs on the Core-File,
in case of an abort. Therefore, Table 3-1 includes a column which com-

bines the requirements for Launch 2 and Re-entry.:. .

Usage of Mission Programs

Table A-1 contains the following code (Usage Code) to classify

the usage of mission programs:

Frequently used

Infrequently used

Used at particular times during a mission or
during an orbit, but not at regular frequent

intervals, or upon a manual input

C Contingency use during abort

T is always used in combination with F or I. The implication of
T is that the program would probably not be required at short notice.
Either the time at which these programs are needed would be defined well
in advance, or the need is a result of some decision by a controller, and
in such cases there is probably no great urgency (not required within a

fraction of a second).

The combination FT means that the program is used only at certain
times, which may occur infrequently, but when the occasion arises the
program is heavily used. The combination IT means that the program isg

used only at certain times, and, at these times, it is used infrequently.

17
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No frequency code is specified for Executive routines. That part
of the Executive which resides in core contains the most frequently used
routines, while some of the routines on the Core-File are comparatively

infrequently used.

Digcussion of Mission Program Storage Reguirements

Table 3-1 indicates that the largest requirements for Core-File storage
occur during the Prelaunch 2 and Orbit phases. The total storage require-
ment for programs and tables for all phases of the mission is 497,162 while
the maximum requirement occurs during the orbit phase, when it is 431,685,

It is clear, therefore, that no great saving of Core-File storage can be
achieved simply by allocating programs from tape to the Core-File as re-
quired by phase. This procedure would reduce the maximum Core-File storage
requirement, or otherwise increase the amount of available Core-File storage,
by about 63,793 (note: this includes the need for two additional programs

on the Core-File ~ the Core-File Allocation Supervisor, and the Tape-to-Core-

File Transmission Processor).

In order to increase still further the available Core-File storage, it
would be necessary to remove selected routines from the Core-File, and to
bring each program in from tape when it is queued. The kind of programs
that would be prime candidates for removal from the Core-File, would be
those that are used only at particular times - indicated by a T under Ugage
Code in Table A-1., The assumption is that the need for one of these programs
can be established early enough so that the program can be transferred from
tape to the Core-File in time to be used. Alternatively a controller makes
a decision that the time is right to carry out this processing; if there is
no urgency, some delay can be tolerated while the program is brought in. Of
course, it would be necessary to consider each program on its own merits to

decide whether it could be satisfactorily used from tape.

Core-File Allocation has been used in the past and the technique will
work. However, it appears that the procedure was not entirely satisfactory.
The problems with the procedure were mostly associated with the time it takes
to change over from one phase to another, or the time to bring in a single
routine from tape to Core-File. In part, this was no doubt due to inter-

ruptions for higher priority processing. If there were a real need to uge
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this feature of the system again, the:fecentlylimproved system could be
made to work satisfactorily. However, it is worth pointing out that it is
not just a programming problem. Strictly from a programming point of view,
it is possible to change over completely from one phase to another within
15 to 20 seconds. However, this would imply that mission controllers would
accept some degradation of service, even to nearly complete suspension of
processing during the transfer. 3ome changes to Executive would probably

be necessary, but no analysis has been made of this in this study.

Analysis of Table Storage

Data Tables (Z Tables) are stored permanently on the Core-File, and
as was stated earlier, no capability exists at present to allocate tables
to the Core-File by mission phase or when needed. Data, that would indi-
cate the phases in which a table is used, is not readlly available, and no
information has been found to indicate that allocation of tables to Core-
File by phase or by need would result in significant saving of Core-File
space. The analysis of table storage has therefore been restricted to a
tabulation of tables by length of table (number of words). Table A-2 in
Appendix A contains a full listing of number of tables against length of
table. This data is summarized in Table 3-2 in groups of table size. Thus
for example, the first size group includes all tables between 1 and>25 words
in length. Table 3-2 lists "Number of Tables" in each group and ihe "Size
of Group" (total number of words of storage‘required)° Table 3-2 also lists
"% Number of Tables", "% 3Size of Group", and cumulative percentages, of the
whole set of Z Tables.

Table 3-2 indicates clearly that the majority of Tables are quite
short. While in itself this fact is not necessarily very significant, the

data will be used again in the section on System Loading.

Summary of Core-File Utilization Analysis

This analysis has indicated that at the time of maximum requirement
for Core-File storage, which occurs during the Orbit Phase of the mission,®
approximately 87% of the total programs and table storage is needed. This
is based on the assumption that all Z Tables are required during all phases
of the mission. Thus if programs were allocated to the Core-File by phase
of the mission, 63,793 words of Core-File storage would be saved. Fﬁrther
saving of space on the Core-File could be made by removing selected pro-
grams, and allocating them from tape to the Core-File when needed.
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It has been found that the majority of tables on the Core-File are
quite short. This aspect of Core-File Utilization will be examined in

the section on System Loading.

SYSTEM LOADING

The discussion of system loading will attempt to dissect the system
load and identify how much of the load is due to each functional element
of the system. The purpose of this analysis is not to identify the cause
of changes in system load as the mission progresses from phase-to-phase,
but rather to look at a profile of system utilization and indicate how
much of system capacity is used for mission programs and how much is used

by each of the functional elements of the executive.

Sources of Data

Data for the system loading analysis was taken from an APOLLO 201
simulation mission. The data was taken on 31 January 1966 using the G33C
to provide inputs to the system. Mission control personnel participated
in the conduct of the test; therefore, realistic display request activity
is included in the system load.

Although 1t would have been more desirable to use data from one of
the GEMINI missions, this was not possible, because executive statistics
have not been recorded on GEMINI missions since GT-3 and ‘GT-j. In thef
interim period, several major changes to the system have been made there-
by making the performance data taken on those early missions less applica-
ble to the current system. These changes include doubling the size of main
core and the deletion of an Executive processor called XXRUTE, which was
replaced by a more efficient system of handling store mode inputs. Attempts
to obtain data on the GT-9 Launch Abort simulations were not successful.

The data taken during the APOLLO 201 simulation includes two of the
three groups of statistics which can be taken, by the system, namely,
Central Processor Utilization and the Executive Statistics. The third
group, Processor Statistics, were not included in the run. '

The Central Processor Unit (CPU) utilization statistics present three
measurements of system loading: the percentage of time that the system
was being used, the percentage of time that the system was waiting for
I/0 and the percentage of time that the system was idle.

The Executive statistics present, for each of approximately eighteen

Executive activities, the average time per execution, the frequency of
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execubtion and the percent of central processor time used by the activity.
It should be noted that these Executive activities are not identical with
the Executive functions indicated in the Executive functional description,
but, the loads measured for the individual activities can be combined to
account for the total load imposed by each of these Bxecutive functions.
For example, the load on the system created by the servicing of a Data
Communication Channel input is composed of three Executive activities
measured by the statistics gathering system: DCC trap ser%icing, DCC
input data servicing, and a scan of the priority table to start (or re-

store) the highest priority program which is ready to operate.

Re;ults

During the simulated mission, the CPU statistics were taken for each
30 second interval from approximately 14 minutes before launch until 19%
minutes after launch. The Executive statistics were taken during two
twenty second intervals occurring at approximately 1 minute and 9 minutes
after launch. The analysis will concentrate on the data taken in these
two sample intervals. Figure 3-3 shows the history of the CPU utilization
during the mission. The percentage of total capacity used in Mission and
Executive Programs is indicated in the figure. The gathering of Executive
statistics imposes an additional load on the system as shown by the two

points labled with an S on the figure.

Within the two sample intervals, the system loading has been separ:
ated into its several components. Tables 3-3 and 3-4 indicate the CPU
loading profiles for the two intervals. For each system activity a per<
centage of capacity is given. Three parameters of capacity are used:
total available capacity, capacity actually used working in Mission and
Executive, and capacity used in the Executive alone. In addition to
these“capacities, the number of occurrences of each of the Executive
activities is indicated. For example, Table 3-3 indicates that the total
available capacity used working in Mission plus Executive was 57.96%. Of"
the total available capacity, the Mission programs used 31.32% and Execu-
tive used 26.64%. Considering these same activities from the viewpoint
of capacity used working in Mission plus Executive (57.96%), the table
indicates that roughly 54% was used in Mission and 46% was used in
Executive. In the last column the percentage of Executive capacity used
by each of the Executive system functions is given. For example, the ser-
vicing of 448 DDC inputs required 7.90% of the capacity used by Executive.
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TABLE 3-3

APOLLO 201 SIMULATION

CPU LOADING PROFILE AT 1 MINUTE AFTER LAUNCH

Number %4 of Capacities
of Occur- Total
System Activity rences | Available | Working |Executive
Statistics Gathering * 18.76
Idle or Waiting * 23.28
Working * (Mission & Executive) 57.96
Mission * 31.32 54.04
Executive 26.64 45.96
DCC Inputs L4 7.90
DCC Outputs 48 1.00
D/TV Outputs * 164, 3.92
Logging 100 8.60
Linkage 1694 12.91
Mise, Services * 606 5.30
Print Write * 17 1.15
Z Table I/0 * 2768 57.30
Core Allocation 3 .35
Core File Allocation 0 0.00
Sequencer Overhead 560 1.58

*

These loads are not explicitly given by the statistics gathering

system but were derived by allocating the measured system load on the

basis of expected system activity.
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TABLE 3-4

APOLLO 201 SIMULATION

CPU LOADING PROFILE AT 9 MINUTES AFTER LAUNCH

Number % of Capacities
of Occur- Total
System Activity rences Available |Working]|Executive
Statistice Gathering * 19.58
Idle or Waiting * 13.58
Working * (Mission & Executive) 66.84
Mission * 35.31 | 52.83
Executive 31.53 | 47.17
DCC Inputs 883 13.64
DCC Outputs 53 1.1
D/TV Outputs * 207 4.83
Logging 113 10.14°
Linkage 1736 11.14
Mise. Services * 521 3.96
PrintMrite * 107 5.85
Z Table I/0 * 2906 47.63
Core Allocation 3 .29
Core File Allocation 0 0.00
Sequencer Overhead 576 1.39

,
3

These loads are not explicitly given by the statistics gathering

system but were derived by allocating the measured system load on the

basis of expected system activity.

26
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It should be noted that all of the information required to make -
allocation of system loads to the various functions is not explicitly
given by the statistics gathering system. Items which are asterisked in
the table were derived from other system considerations. For example,
the percentage of capacity working in Executive and Mission programs was
derived by averaging the loads in the intervals prior to and following
the Executive statistics sample interval. This work load was subtracted
from the total load for the 30 sec. sample interval to obtain CPU load
attributable to statistics. Because statistics were taken for only 20
seconds of the 30 second interval, the percent of central processor
capacity used in gathering statistics was increased by 50%. This pro-
rated increase in statistics gathering also resulted in a corresponding

decrease in capacity spent in idle or waiting.

Discussion of Results

The results indicate for both sample intervals that the Execﬁtive
work load comprises roughly half of the used system capacity. It should
be noted that some of the work load indicated as mission is actually work
performed by relocated Executive processors. The capacity used by these
programs is measured by the processor statistics gathering system which -
was not included in the mission simulation run. At any rate the amount
of capacity used for these relocated Executive programs is small; during
a GT-4 playback mission it amounted to roughly 1.7% of the relocated

program work load.

While half of the used system capacity may seem to be a large price
to pay for Executive functions, one must be cautious about criticizing a
system on this basis alone. The Executive load may be high simply be-
cause it performs so many services for the mission programs. If these
services had to be performed by the mission programs, the additional com-
puting capacity used by the mission programs might outweigh the savings
in Executive. In another case, the ratio of Executive usage to mission
usage may be high because the amoynt of time to perform mission calcula-
tions is small. For example, if it takes 600 J. sec for the Executive to
transfer from one program to the next and each program only requires
BOO‘p_sec to perform its task, the Executive would use 2/3 of capacity

and mission programs would use 1/3 of capacity; this crude example assumes
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no other activity being performed. An improvement could be sought in this
case by consolidation of mission program functions to require fewer link-

age calls through the Executive.

There are three areas where possible improvement in Executive load-

ing should be explored.

Z Table Consolidation

Turning once more to the results in Tebles 3-3 and 3-4, it can be
noted that the bulk of Executive loading, 57% and 47% respectively, is
involved with moving Z Tables to and from the Core-File. This traffic
load will be discussed to show how consolidation might payoff in a reduc-
tion of Executive work load. Mission programs, upon calling for I/C, may
request several tables to be moved through the use of multiple arguments
in the call. Considering both intervals, the mission programs averaged
1.4 argument sets per call. The Executive however, makes up a separate
I/0 command for each table, indicated by a single argument set, and must
service an individual channel trap for each table transferred. Mission
programs frequently require more than one table; some require as many as
six tables to be read in during the course of operation. If these
tables could be consolidated into one larger table which could be read in
as a single block, the Executive load would be reduced. As an alternate
solution, ifthey could be placed adjacent to one another on the core file,
and a new table defined which is equal to the sum of these smaller tables,

the group of tables could be read in as a single block.

No quantitative estimate of the savings in Executive loading through
consolidation of Z Tables has been made because the necessary data for

such an analysis was not readily available.

Storage of Z Tables

An analysis of the distribution of traps which indicate the end of
a data transmission, shed some light on the amount of time required to
accomplish Z Table transmissions to and from the Core-File. A typical

interval of system processing is shown in the figure below.
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Figure 3-4

Typical Processing Interval

MISSION PROGRAM IEXEGUTIVE WITH STATTSTICS SEQUENCEBjTIDLE'GR‘MISSION

, TRAPS/ \ 1/0 \TRAPS

DISABLED COMMAND  ENABLED

If traps were random with respect to time of arrival one might ex-
pect that the frequency of trapping in a mission program would be
roughly proportional to mission program duration. Similarly one would ex-
pect the number of traps in Executive and in idle time to be proportional
to their duration. During the first sample interval there were 3576 1/0

traps. These traps were distributed as follows among the three system

activities.
Traps during Executive 2860
Traps during Idle Time L18
Traps during Mission Programs 298

A certain number of these traps are expected to oceur randomly in
time. DCC inputs are expected to be random with respect to cycles of the
Executive. Similarly I/0 operations involving large blocks of data on
relatively slower channels can be expected to exhibit a random distribu-
tion with respect to the time when Executive is operated. This latter
class includes logging outputs, core allocation I/0, D/TV outputs and
DCC outputs. The number of I/0 traps associated with these operations
during the sample interval was 774. These are all expected to occur
randomly. The remaining 2802 I/b operations were associated with trans-
missions to or from the Core-File. Based on the percentage of time spent
in each system activity, one can calculate the number of random traps
one would expect to occur during each system activity. This calculation

is given in the table below.
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TABLE 3-5

Distribution of I/0 Traps

” - "Rendom Core File
System Activity % of Time Traps Expected Actual - Surplus
Idle 23.28 180 418 238
Mission 31,32 243 208 55
Executive and |
Statistics 45.40 357 2860 2509

. Subtracting the number of random traps expected from the number
actually experienced gives residual Core-File traps. Of these traps,
2509 occur in the Executive Sequencer. This accounts for approximately
89% of all Core-File transmissions. It is interesting to note that these
transmissions will occur during Executive Sequencer only if the table is
sufficiently short to be read in during the time it would take to com-
plete the Executive Sequencer operation after the channel command had been

issued. The timing for these events is approximately as follows:

Issue channel command £ 0 psec.
Record statistics 139 psec.
Operate Sequencer 152 psec.

Total Time 2297 psec.

Thus, roughly BOO}asec is sufficient time to accomplish. almost 90%
of all Core-File transmissions. This corresponds to the time required to
transmit a table of about 75 words. These rough approximations suggest
that savings in Executive work load might be achieved by storing the most
frequently used short tables in main core and using an in-core-move
rather than a Core-File transmission to move the data to or from the
mission program. Data presented in the section on Core-File Utilization
indicates that 129 Z Tables are shorter than 75 words. The storage re-
quired to accommodate these tables is 4030 words. This indicates an
average table length of 31 words for this group of tables. The current
load borne by the Executive in accomplishing a Core-File transmission and
reinstating the program which called for the table is about 1300 J sec.
Using the core-to-core move would require about SOO/p_sec. for a 31 word

table. Thus if main core was used to store these short tables a saving -
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‘of about 38% on roughly 90% of the Z Table moves could be effected.
Since Z Table moves comprise 57% of the executive work load, a total
savings for Executive can be estimated at about 19% of Executive capacity

(.38 savings X .90 transmission X .57 load = .19 savings).

These savings can be passed on to effect an increase in mission
capacity. The ratio of mission to Executivé utilization for the first
sample interval was 54% mission to 46% Executive. If the Executive
capacity is reduced by 19% this results in a new sharing ratio of 54 to
37. Normalizing this ratio to a base of 100 results in a ration of 59
to 41. Comparing the former mission capacity, 54%, to the latter, 59%,
a 9.2% increase in mission capacity is indicated. Similar calculations
on the second sample interval result in an increase in mission capacity
of about 8.7%. This lesser gain is a reflection of the fact that during
the second sample interval the Z Table traffic comprised 47% of the Ex-
ecutive load whereas in the first sample interval it comprised 57% of the

Executive load.

Although this analysis is based directly on the Executive statistics,
the reader is nevertheless cautioned that several assumptions and approxi-
mations indicated above were required which could not be verified by

experimentation with the system.

It should be noted that the consolidation of Z Tables, in conjuﬁction
with storing the more frequently used Z Tables in main core, may not pro-
duce a significant savings over and above placing them in main core
alone. The reason for using main core is to take advantage of the fact
that the tables are short whereas the advantage of consolidation lies in
the fact that through consoclidation a longer table is read in but less

frequently.

Core Allocation

During both of the sample intervals core allocation imposed very
light loading on the system, less than half a percent of Executive load.
This was due to the fact that programs had to be allocated only three
times in both of the two sample intervals. This in turn is a direct re-
sult of the fact that almost all of the programs required during that

phase of the mission fit into main core.
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Why dwell on so insignificant a load on the system?

One of the principal reasons for going to a 65 K word main core was
that with the 32 K main core, the core allocation routine was so busy
allocating programs that it took a large portion of system capacity, so
large a portion that the system could saturate when the total size of the
programs required in a phase of the mission was significantly larger than
the area of main core available. In addition to increasing the size of
main core, the core allocation routine was modified to reduce the portion

of capacity it would require when overload conditions were being reached.

The core allocation routine is a very sophisticated routine which
allocates space in main core on the basis of the size and priority of the
program to be placed,and the size, priority and status of the programs it
may have to displace. The operating time of the core allocation routine
is about 5,600 n sec, and the 1/0 servicing requires about 560 P sec.
This represents a total loading of 6,160‘p_sec to allocate space for a

program, move it into core, and enter it.

Data on the average running time of the programs allocated by this
system was not recorded during the mission simulation. One.can make a
rough estimate of the time by assuming that each linkage call represents
a new task and, therefore, a new usage of a program, and dividing the
amount of time In mission programs by the number of linkage calls. The
amount of time spent in mission programs over the two intervals was 13.32
seconds; the number of linkage calls was 3430. This represents 3,697/1

sec of mission program utilization for each linkage call.

This exploration into core allocation has not revealed any concrete
problems, it only raises a question. Could a less sophisticated core
allocation routine which imposes a less severe load on the system improve
the overall loading situation when many programs may be competing for
space in main core? The current core allocation routine takes more time
than the average time of operation of the relocated programs. Intuitively

this appears to be an area for concern.
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Summary of System Loading Analysis

Three topics have been treated in study of system loading. In each
case, the discussion attempted to point out where savings in executive
loading could be achieved. In summary, savings may be achieved by con-
solidating the Z Tables in such a way as to require fewer 1/0 calls by
mission programs. Savings in Executive operating time may be afforded
by storing the Z Tables, which are shorter than 75 words, in main core.
A concern was expressed over the possible inefficiency implied by a core
allocation routine which requires more time to operate than the programs

it moves into main core.

An estimate of increased mission program capacity was made only for
the storing of Z Tables in main core. The analysis concluded that a

potential 9% increase in mission capacity could be afforded by that change.

Although it is not directly supportable by the results of this anal-
ysis, it would appear that the basic system organization was not chosen
on the basis of minimizing system loading. It appears rather that the
designer sought to achieve a balance between system flexibility and system
loading both of which are desirable design goals. The flexibility of the
system has been achieved to a certain extent through an increased loading
by Executive. For example, the restriction against mission programs
directly accessing the data tables causes about half of the load borne by
Executive. This restriction is, however, required if the address protec-
tion feature is to be used. This restriction is also required if the
flexibility of using virtually addressed tables in the mission program is
desired. The alternate approach would require that mission programs have

direct knowledge of where the tables are stored.
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SYSTEM FLEXTBILITY

This section discusses briefly some aspects of flexibility of the
Software System Design. In discussing the Software System Design, it
will be considered to be synonymous with Executive System Design, since

the Executive must be a reflection of the concepts of the System Design.

Sources of Data

The following sources of data have been used:

1. Various documentation relating to design of the Executive and

Mission Programs

2. Discussions with James C. Stokes, Assistant Chief, Real-Time
Program Development Branch, Mission Planning and Analysis
Division

3. Discussions with Richard A. Hoover, Chief of Mission Control

Requirements Branch, Flight Control Division

Characteristics of Software Flexibility

The principal characteristics of the software system that represent

flexibility are:
1. Ability to add new programs or new functions
2. Ability to change programs
3. Ability to reconfigure the system for a new mission
These characteristics will be discussed as they relate to aspects of the

design of the software and hardware systems that influence flexibility.

Impact of Hardware on System Flexibility

The principal aspects of the hardware system that influence flexi-

bility are:
1. Address relocate feature
2. Address and instruction protection feature

3., Size of main core and the core-file
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These features have been described in the General Functional‘Description
in Section II. The first two have been key factors in the design of a
modular multiprogrammed system. The address relocate feature permits the
execution of a program from any part of core without changes to addresses
within the program. It is necessary only to set the Relocation Register.
The address and instruction protection feature permits the operation of
a multiprogrammed system, incorporating msny individual programs, con-
trolled by an Executive, without the danger that any important parts of
the system will be destroyed by incorrect transfers in a running program.
Thus mission - 1i.e., non-Executive - programs are protected from
each other and the Executive is protected from all mission programs.

This multiprogrammed capability has not been obtained without penalty.

In particular, the address and instruction protection feature denies a
mission (relocated and protected) program the right to access memory
outside its own area. Thus many service routines of general use, such
as 1/0 routines, may not be used directly, but must be provided, by the
Executive, as a service to mission programs. Direct communication be-
tween mission programs, such as transfers of control, transfer of data,
reading common data or writing in common tables, is also forbidden, and
the capability is provided as a service by the Executive. Even if such
restrictions were not a result of address and instruction protection,

they would be necessitated by the modular multiprogrammed design.

The provision of centralized services by the Executive for 1/0,
Service Routines and Program Linkage, throws a heavy burden on the
Executive and account in part for the high percentage of CPU time taken
by it.

A factor which will influence the ability to add new programs to the
system is the amount of space available on the Gore-File. As long as there
is space available this presents no problem, but if space is getting.shoft

on the Core-File, and this was beginning to happen for GEMINI 9 as was
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indicated in the section on Core-File Utilization, the question arises of
whether to displace other programs or to use Core-File Allocation. fraom
tape. Core-File Allocation has been discussed briefly under Care-File

Utilization in this section.

The smount of core storage available for mission progrems (bufferable
core) has a very important bearing on system flexibility, but the problem
has not been analyzed in this study. The problem has been solved byAthe
Executive procedure of Core Allocation,vand as far as mission. programs are
concerned, it is entirely taken care of. However, the effectiveness of
core allocation is dependent very much on the amount of bufferable core

storage available.

Impact of Software on System Flexibility

The principal aspects of the software system that influence flexi-

bility are:

1. Executive System Design

2. Design of certain individuasl mission programs.

Thé Executive has no knowledge of the mission except insofar as it
has information in a "Routing Table" which may tell it to queue a pro-
gram on the receipt of certain data. The demand for’ processing operations
is otherwise generated entirely within the mission programs. This means
that it is not necessary to modify the Executive in order to insert new
mission programs into the system, or in order to change mission logic,
unless it is necessary to modify the Routing Tsble, which has been designed
for change, and can be dynamically updated during a mission. The fact that
new logic can be incorporated into the system, even to the extent of a
complete new mission logic, essentially without changes to fixed core

(Executive), is a great advantage bto the system.

Although the mission logic and the development of the sequence of
processing of mission programs is almost entirely out of the control of
Executive, once any part of the sequence is formulated in a mission pro-
gram and the need for operation of another mission program has been
determined, it is left to the Executive to handle the mechanics of finding
space in core for it (core allocation), bringing the program into core,

supply the data for it and causing it to operate. Thus the programmer
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is absolved from the responsibility of doing many routine tasks, including
handling linkage between programs and finding space for a new program.

This aspect of finding space in main core for programs is very important
and the reduction of this problem to a routine process of core allocation,
out of the realm of the mission programs, contributes greatly to the flexi-

bility of the system.

The Software System has been designed in a modular way and this pro-
vides a certain basic flexibility. It is therefore easy to insert a new
program. However, it may be pointed out that inserting a new program
does not cause the program to be used. Some other changes would have to
be made, usually to a supervisor to have it request the Executive to

gqueue the new routine.

The ability to change a program is greatly facilitated by the modular
design of the software system. The old program is removed and the new
program, interfacing in the same way with other mission programs, is put
in. However, the ability to change a program must be considered to be
primarily a question of the design of the particular program, and this
may determine whether the changes are easily incorporated or. whether a
complete re-write is required. It may also be related to the._interface.
between this program and the outside world (through the Data Communications
Channel). A good example of this is the programming required to drive the
Digital Displays. The routing of data to individual lights is controlled
jointly by the Digital Display Driver Processor, which receives data from
mission programs, and by a form of patchboard wiring. In order to recon-
figure the digital displays, changes are required both in the wiring and
in the programs. It would be possible to design a program which would
set up digital displays in a completely general way, relying only on an
internal table to route data. Patchboard wiring could be frozen and changes
to the displays could usually be taken care of by changes to the table.
However, at the time the MCCH was designed, it was considered by NASA and:
IBM that this would throw too much of a load onto the IBM 7094. Hence the
system was set up to be partly dependent on the hardware. The situation
is not flexible, but it should be understood that the lack of flexibility
is due, in large measure, to the design of the Digital Display Driver
Processor (which happens to be par£ of Executive), and that this design is

not a reflection of an inflexible Executive.
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The modularity of design is carried into the design of data tables.
Instead of a large fixed pool of data to which programs can refer, the data
is broken up into tables, most of which are stored on the Core—Filé, and
they are made available as required by the program. It can be pointed
out that there are other reasons for adopting such a modular approach to
data tables. There are over 124,000 words of storage required.for data
and clearly this could not be stored entirely in main core. .Furthermore
the address and instruction protect feature prohibits mission programs

from referring directly to any data stored in such a data pool.

Summary
This section has dicussed, in a general way, certain aspects of the

software system flexibility. It was pointed out that certain features of
the hardware and software systems contribute to software flexibility.
These include the address relocation feature, the address and instruction
protection feature, the modular design of programs and data tables and the
provision of centralized services by the Executive. On the other hand it
was shown that the address and instruction protection feature imposes
certain restrictions on the system, Other features have been discussed

in order to indicate, in a general way, how they can affect flexibility.

No particular conclusions have been reached. Such conclusions would,

in any event, be somewhat subjective in nature.
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SECTION V

SUMMARY OF SIGNIFICANT CONCLUSIONS

CORE-FILE UTILIZATION

The analysis has considered the problem of storage on the Core-File,
and methods of alleviating a shortage of space have been discussed. Core-~
File storage can be saved by allocating routines from magnetic tape to the
Core-File by phase of the mission, or by removing selected routines from
the Core-File and allocating these routines. from tape as required. Both
of these alternatives can be used if desired. It is felt that the.second
alternative, to remove selected routines from the Core-File and to allocate
these routines from tape, would provide a satisfactory solution incurring
no processing delays, or, at worst, acceptable processing delays, if the

routines were carefully selected.
SYSTEM LOADING

The analysis of Executive loading revealed three areas for possible
improvement in the system. Savings in system loading might be achieved by.
consolidation of the Z Tables stored on the Core-File, by storing the most
frequently used short Z Tables in main core, and by modifications to the
core allocation routine to shorten its running time. A 9% increase in
mission program capacity is estimated for the second change; no estimate

of increased mission program capaclty was made for the other two changes.

Much of the Executive load is attributable to the achievement of a
flexible system design. As much as half of the load is due to the fact that
programs are not permitted direct access to the data tables. In a more rigid
system this cost in system loading might be reduced substantially, but this
would probably result in a higher cost for development and testing under the
more rigid system design. In a less rapidly evolving system this might be
advisable; for the Mission Control Center application the flexibility of the
current system is used to advantage in preparing for the mission-to-mission
changes, and a more rigid system might cost more in production time and

dollars than would be justified by a savings in system loading.
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SECTION VI

SUMMARY OF RECOMMENDATIONS

‘The study of the RICC has highlighted the kinds of questions that
are of interest. The study should now turn to the new IBMYB§O—75 System.
Some of the areas of interest will be very similar to corresponding areas
in the IBM 7094 System. However, due to the different characteristics of
the IBM 360-75 System,'it is clear that some problemrareas that were quite
critical on the IBM 7094 will just disappear on the IBM 360-75, or will

appear in a vastly different form,

The study of the IBM 360-75 System should follow the same salient

objectives that were suggested in this report.

1. Capacity and Capability of the System to Meet
Requirements

2. Effectiveness With Which the System Meets . ~~v
These Requirements

3. Ability of the System to Respond to Changing

Requirements

The performance of the RTCC System has not been related directly to
Mission Support Requirements. Furthermore,»the study came at a timerwhen
~this computer system was on the point of being phased out, to be replaced
by the iBM_360—75 gystem., Therefore it would be meaningless, for example,
to talk of the ability of the system to suﬁport new programs, such as
future APOLLO missions. There is no possibility of this kind of require-
"ment being levied on the IBM 7094 system. The ability of the RTCC to
respond to new, and as yet undefined, requirements will therefore be a
significant new study area for the IBM 360-75 system. The study should
consider mission support requirements for future APOLLO missions, and
analyze the ability of the IBM 360-75 system to meet these requirements.
The study will further analyze the capability of the system for growth -
growth in hardware system configurations, growth in software, and the

ability of the system to respond to growing requirements.

The Real Time Operating System (RTOS) for the IBM 360-75, which

corresponds to the Executive on the IBM 7094, presents a very interesting
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study area from two points of view. In the first place the 360/0S was
signed as a general purpose operating system for the IBM 360-75, and

it{is being tailored to the neéds and requirements of the RTCC. The
question arises immediately: "How well will the RTIOS perform the job for
the RTCC and will it perform adequately in all respects?" There is little
doubt that, as time goes on, experience will indicate that certain modi-
fications will be required. The second point is that the RTOS has been
designed as a multi-level multi-programmed system. Mission Control could
be just one job of many that are operating simultaneously on the computer.
There is no doubt that this will not be attempted very soon. However the
possibility exists for the future, and considerable study and testing will

certainly be required before such a mode of operation would be accepted.

Another question of great interest is the capability and capacity of
the computer system to do the job within the time constraints of the real-
time environment. This question has not been considered so far in the
study. A satisfactory answer cannot be given in terms such as "Yes, the
system can meet the time constraints of the real-time environment" or
"No, it cannot ....0ve..." The answer would almost inevitably be the
former, because mission support requirements are adjusted to the point
where they will be met by the RTCC. For the future, it is expected that
the IBM 360-75 system will meet mission support requirements, with spare
capacity, for some time to come. It is therefore important to discuss
such questions as "How effectively does the RICC system meet mission re-

quirements?" and "How efficiently does the RTCC software system work?"

Mission Programs have not been studied in any depth so far in the
study. However, some of the characteristics of system loading in the
Executive can be attributed directly to the way things are done in Mission
Programs. For example, the use of Z Tables by Mission Programs has
probably not been optimum in the present system, as was suggested by the
analysis of program statistics. Some questions of flexibility are also
dependent on Mission Program design. These things and many others should

be considered in more detail.

In order to facilitate some of the studies of system characteristics
and loading, it is suggested that the taking of program statistics could

be tailored more closely to the objectives of the studies. Furthermore
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it is considered that the load on the CPU could be lightened by providing
options on the taking of statistics. Then only those statistics that are
really required would be taken., For example, the timing of sections of
Executive takes up the bulk of the time used by statistics gathering. If
it were an option to take counts of the number of times that sections of
the Executive operate, with or without timing, the load could then be
reduced by taking counts alone. Previous runs would have established
good average times for these sections of the Executive. It if were possi-
ble to reduce the load for statistics gathering to a small fraction of

the present load, it might become more acceptable to take these statistics

during simulations, and even during a mission.
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APPENDIX A

This appendix contains three tables. They are:

1. Table A-1 Core-File Storage Requirements by Mission Phase
2. Table A-2 Z Tables: Number of Tables by Size of Table

3. Table A-3  IBM-7094-IT Equipment List
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TABLE A-2

Z TABLES: NUMBER OF TABLES BY SIZE OF TABLE

Size  No. Size  No. Size  No.
1 2 42 1 132 1
2 3 45 2 140 1
4 1 47 1 145 1
5 1 50 6 150 1
6 5 55 3 154 1
7 1 60 15. 160 1
8 3 61 1 . 162 1
9 3 70 2 165 1

10 3 75 1 168 1
12 5 76 1 172 1
14 3 80 2 175 1
15 5 83 1 180 2
16 2 84 1 184 1
17 2 85 1 188 1
18 1 90 4 192 1
19 1 92 1 199 2
20 9 94 4 200 5
21 1 95 2 210 2
25 4 96 1 220 1
26 1 100 4 222 1
30 12 102 1 226 1
31 2 106 1 232 1
34 1 112 1 R42 1
35 3 120 2 24, 6
36 3 122 1 245 1
39 1 125 1 250 2
40 19 129 1 261 4
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Size

264,
287
300
340
350
360
364
385
400
405
410
432
500
512
528
532
550
581
600
630
673
678
683
700
707
728
730

No.

T Y U\ S i S W O TS W AN S TP (O TP O TN UV R (S B |G T WV

Size

736
757
800
804
904
999
1000
1020
1110
1200
1344
1456
1540
1584
1628
1680
1710
2000
2047
2064,
3000
3100
4824
4950
5000
8505
9620
11400

=
@]
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TABLE A-3 1IBM 7094-I1 EQUIPMENT LIST

The following 1ist comprises the principal standard components
and the special equipment of each IBM 7094-IT.

TYPE AND MODEL NAME QUANTITY

. 7111 Instruction Processing Unit 1
7109 Arithmetic Sequence Unit 1
7606-3 Multiplexor 1
7302-3 Core~Storage 1
71512 Console Control Unit 1
7608 Power Converter 1
7618 Power Control 1
7607-11I1 Data Channel 1
7607-1V Data Channel 1
7617 Data Channel Console 2
711-11 Card Reader 1
716 Printer 1
729-VI Magnetic Tape Unit 12
2361-A Large Capacity Storage, Model 2 1
7281-I1 Data Communication Channel 1
7286~V Direct Data Channel 1
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APPENDIX B

This Appendix contains a bibliography of documents consulted in

accomplishing the analysis reported in this Part I of Volume III.

S oWwmd W=

e

IBM RTCC Systems Design Workbook.

RTCC Programmer Working Book, Vols. 1, 3, 4, 5, 6, 7, and 12.

Notes on The RTEC Real-Time System (IBM), Stanley & Jodeit,
Gemini Operational Program Functional Specifications.

System Performance Memoranda (Informal IBM Reports).

RTCC Development Plan, 5 Nov. 1965.

IBM 7094 Principles of Operation.

IBM 7281 II Data Communication Channel, Customer Engineering
Instruction Manual.

Ninth Gemini Mission Development Plan, 3 May 1966.
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PART II

SIMULATION CHECKQUT AND TRAINING SYSTEM (SCATS)



SECTION I
INTRODUGTION

GENERAL

An intensive study of the Simulation Checkout and Training System
(SCATS), its modes of operation and its application to simulated exer-
cises was completed during the past four months. An initial product
of this study was a series of drawings defining the general data flow
in all the modes of operation and a detailed data flow within three of
the four subsystems of SCATS (the Simulation Interface Subsystem was
not drawn). The following drawings are being reproduced and delivered
to NASA under separate cover:

1. General Data Flow of the Simulated Remote Sites (SRS)

Open- and Closed Loop Configurations,.

2. General Data Flow of the MOCR Open and Closed Loop

Configurations,

3. General Data Flow of the Integrated Closed Loop

Configuration
4o SRS Detailed Data Flow
5. Data Inputs to SRS Console Modules

6. Data Inputs to Simulation Control Subsystem (SCS)

Console Modules
7. Simulation Data Subsystem (SDS) Data Flow

The equipments which make up the four SCATS subsystems are in most
cases similar to those equipments which are used by the operational
systems in the MCCH or the MSFN. Exceptions are mainly SCATS inter-
face equipments and certain SCATS peculiar equipments used for simu-

lation control.
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Equipments similar to those found in other systems are a) the
auxiliary display and control, which interfaces the SCA consoles with
the Ground Support Simulation Computer (GSSC), b) the GSSC which is
an IBM 7094 (part of the RTCC) used for generation of telemetry data,
tracking data, sequencing of simlated remote sites; display genera-
tion for the SCA and also contains the math models of the various
spacecraft and launch vehicles, c) the SRS which contains essentially
the same equipments, necessary for flight controller use, that are
found at the remote sites of the MSFN, and d) the display and control
consoles in the SCA, which permit monitoring of the Simulation Opera-
tions Computer (SOC) and the GSSC. The programming and the detailed
use of some of these equipments necessarily differ . from those in the

operational system, but the basic equipments remain unchanged.

Some of the equipments ﬁhich are SCATS peculiar are a) modules
located on SCA consoles, which allow fault insertion, control of
similation, and the monitoring of mission progress, b) simulation
adapters attached to the SCATS PCMGS in the SRSS, which control noise
and interrupts into the incoming TLM bit stream, and c) the exchange
control logic (ECL) and the control status logic (CSL) which are inter-
faces between the Process Control Unit (PCU) and the GSSC and SCA con-

soles respectively.

The many modes of the SCATS permit the system to be configured to
meet the requirements of the individual phase of the mission to be
simulated. Data sources vary for each mode and in some cases are in-
terchangeable to provide backup inputs or to allow equipments, such as
the Gemini Mission Simulator (GMS), to be used for other purposes while
a SCATS exercise is being conducted. TABLE 1 illustrates the planned 2
modes of operation of the SCATS during the Gemini VIII series of simu-
lated exercises. In particular, it indicates the various data sources
planned for the different SCATS modes.
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LIMITATIONS OF SCATS

In the review of the documentation for past simlations certain
limitations of the SCATS became apparent. These limitations were the
inability of the SCATS to simulate certain mission events or data be-
cause of equipment or program restrictions. These limitations, however,
appear to be acceptable to the operators and do not detract from the
simulated exercises in any significant way. Some of the more obvious
limitations were: a) the deletion of certain remote sites in the SRS
sequencing because of the existence of only two SRS's, b) the lack of
DCS history at the SRS, c¢) the absence of dump telemetry at the SRS
and, d) the lack of certain site radar information at the SRS. In
some cases, sSpecial techniques have been devised to overcome these
limitations such as the playing back of recorded "real" telemetry to
simulate dump telemetry to enable the flight controller to exercise
dump telemetry processing procedures. Another example is the use of
IBM 7094 computers (GSSC) to generate Apollo telemetry streams in lieu
of using one IBM 360/75 which is not yet installed. This problem is
discussed in Section II. The use of these techniques, unconventional
though they may be, indicate a flexible system which does produce the
desired effect. In fact, this employment of improvised techniques and
the design of simulation exercises around the limitations of the ex-
isting equipmenﬁs has yielded satisfactory results without any large

increases in equipment cost.

BACKGROUND TQ SCOPE OF STUDY

The original intent of the phase of the MITRE study was to measure
the capacity and effectiveness of the SCATS equipments to perform their
assigned tasks. When it became evident that the overall system was j
generating simlations which were of sufficient quality to deliver the
desired data to the operating positions and that measures of the equip-

ment capacities, if taken individually, would mostly parallel those
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measures found in the analyses of the other systems and would not give
an overall view of the SCATS capability, the following approach was

considered.

The important questions for investigation in the SCATS seemed to
be in the areas of operational requirements and procedures for the use
-of the system. It was decided therefore to conduct the initial analysis
on the use of the SCATS equipments during a typical series of simulations.
for GT-8 and 9, with the goal in mind to accumulate data on the effi-.

ciency of the equipment usage.

The extensive attempts to locate suitable data for this usage
analysis showed that the required was non-existent and this condition
was documented in MITREVCorporation memorandum No. HO-28, dated 9 May
1966, to Mr. Satterfield of NASA. This memorandum also proposed that
the prbduct for the final report would define salient technicai ques-—
tions about SCATS that remain unanswered; specify the data required for
an analysis of these questions and detail plans for collecting and re-

cording this data during future simulations.

SCOPE OF STUDY -

In line with the recommendations in the aforementioned memorandum,
which were accepted by the technical monitor, the following sections of
this report will recommend certain analyses that should be conducted to
provide answers to questions about the SCATS. The data required to per-
form these analyses and methods for gathering this data will be specified.
The recommended analyses result from the initial study of the SCATS and
are included here for consideration by NASA. As‘sﬁudy of ASCATS is
completed,it is felt that additional analyses, or modifications of the

analyses proposed in this report, will be desirable.

PURPOSE OF STUDY
The capability, capacity and effectiveness of the SCATS may be

measured by its ability to simulate a particular spaceflight or portion
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thereof, control the simulation and introduce certain aberrations,
thereby familiarizing remote site flight controllers and/or MOCR/SSR
personnel with the planned mission, while at the same time training

these personnel to deal with unexpected situations.

To perform these simulations in as realistic a manner as possible,
within the allotted time before a spaceflight, is the objective of the
SCATS.

If there is concern with the present SCATS capability to satisfy
future requirements an analysis of how effective SCATS is in providing

simulation support would be useful to NASA.

The analysis should consider three aspects of the system:

1. The performance and operational efficiency of the
SCATS,

2. The efficiency of the monitoring and control capability
of SCATS,

3. The efficiency of the SCATS to simulate a mission

environment.

The following sections of this report will discuss the value of
the analyses to be performed in each of these categories and suggest

methods for gathering data to support them.
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SECTION IT

RECOMMENDED ANALYSES

PERFORMANCE'AND OPERATIONAL EFFICIENCY OF THE SCATS EQUIPMENTS 7

As previously hoted, the equipments in the SCATS are used in many
configurations to accomplish the required simulations. Certain modes
of operation require either different equipments ‘or different configu-
rations of the same equipment. SCATS equipment usagé is defined here
as the use made of the SCATS equipments from the time a series of sim-
ulated exercises is begun, for a particular spaceflight, until F-4 days
(or final simulation). The analysis does not include the use of the
equipments from F-4 days until the start of the next simulation nor
does it include use of equipments during non-scheduled times. An
analysis of equipmént usage during a series bf similated exercises

would answer the following questidns:

1. How much of the scheduled equipment time is used for

actual running time? How much is idle or waiting time?

2. Can maintenance or other functions be performed on the

equipment during extended holding periods?

3. Would a change in the procedures used during a test

allow for more efficient use of the equipment?

4. Can backup procedures be initiated or expanded to make

use of 1ldle equipment during a primary equipment failure?

EFFICIENCY OF THE MONITORING AND CONTROL CAPABILITY QF SCATS

The display and control system of the SCATS is used to monitor
and control the simulated exercise and observe its impact on the
operators in the MOCR/SSR or SRS. It is also used to introduce faults
into the simulation thereby exposing the operators to abnormal situ-

ations.
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An analysis of this area will provide answers to the following

questions:

1. Are the displays redundant in any areas where redundancy

is not required? Is this redundancy a penalizing cost?

2. Does each display contain sufficient data to provide the
operator with the answer to his particular questions or
is he forced to observe more than one display to compile

the data needed?

3. What use is made of the displays presently avallable in
the SCA area? (i.e., how often is each display used by

each operator?)

4. Do the console modules in the SCA consoles permit success-

ful monitoring and control of critical mission situations?

EFFICIENCY CF THE SCATS SIMJLATICN

This study would determine the efficiency of certain equipment/
program combinations in providing simulated exercises. This is not
meant to evaluate the quality of the data presently being provided,
for this is for the experts in specific disciplines to determine, but
rather to investigate and report on how efficiently the present equip-
ment/program combinations are being used to generate the data.. The
two analyses below are applicable only to SCATS and it may not be de-
sirable to conduct these specific analyses prior to the advent of
ASCATS. Analysis of this nature should be considered for ASCATS and
will be recommended when study of the ASCATS equipments and programs

is complete.
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Comparison of Simulated Data vs. "Real-World" Data

This recommended study involves an item~by-item comparison of data
presented to the operators during a live mission with that presented
during a SCATS generated exercise. The object here is to determine if
the data arriving at the MOCR/SSR and or SRS operator observation
points (i.e., cbnsoles, recorders, etc.) during a simulation, is ac-

curately portrayed.

We might then ask the questions - is the data portrayed unnec-
essarily complex for a simulated environment? - and as a result of this
complexity does it overtask any of the equipment/program combinations?
- for example, would two samples per second of a certain TLM parameter
satisfy a simulated environment instead of an operational rate of ten

samples per second.

G3SC Telemetry Generation

The percentage of the capacity of the GSSC being used for genera-
tion of the TLM bit streams for Apollo is quite high. Statistics sup-
plied by NASA indicate the generation of the bit stream for all vehicles
requires over 125% of the operating time of a 7094 computer (two 7094's
are presently being used). This time does not include generation of
trajectory data, DCS requirements, displays, control or the time
employed by the executive program. The TLM streams being generated
are in the operational format at the sample rate required for live
operation. Unanswered questions in this area are:

1. Would a decrease in the TLM sample rate be practical
during simulated exercises thereby permitting more
available time in the GSSC?

2. Can more efficient use be made of the GSSC executive

program to allow more available processing time in
the GSSC?
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SECTIMN III

DATA REQUIREMENTS AND DATA ACQUISITION FOR ANALYSES

DATA REQUIRED FOR EQUIPMENT USAGE ANALYSIS
To answer the questions about the efficiency of the use of the

SCATS equipment the following data should be made available for analysis:

a. Logs - a detailed log of the use of the following
equipments should be maintained during each simulated
exercise:

SRS Consoles

Simulated Digital Command System Units (SDCSU)
SCATS PCM Ground Stations (PCMGS)

Process Control Unit (PCU)

Ground Support Simulation Computer (GSSC)
SCATS Control (SCA) Consoles

b. Log Contents - each log should indicate the following
data for each equipment specified:
statﬁs of equipment at start of test,
time at start of test,
time of test interruption,
reason for interruption (delay, hold,
failure, program loop, etc.),
time of each restart,

time at end of test.

c¢. Method - all data required should be manually recorded
at a central location, such as the simulation super-
visor's position, where it is possible to investigate

by telephone the reasons for the delays.
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The anainis of this data, when compiled for a complete series of
similated exercises, will point out where major delays are encountered
and the reasons for them. It is then a simple step to détermine if the
delays are sufficiently significant to warrant changes in maintenance

or operating procedures.

DATA REQUIRED FOR ANALYSIS OF MONITOR AND CCNTROL CAPABILITY

Data required for this analysis would be obtained from two sources.
The first is computer recorded printouts of all console actions addres-
sing the GSSC in any manner and these printouts should be taken for all
modules in the SCATS Control Area (SCA). These recordings should be
mede for a complete series of simulated exercises to permit an analysis

of display and module usage during all phases of a simulated spaceflight.

The second set of data required is a description of all GSSC gen-
erated displays available to the SCA conscles and the contents of each
display. It should be noted that the documentation made available does
not include all displays.

The contents of each GSSC generated display will be studied and a
comparison of each display's contents will determine where redundant
information exists and if the redundancy is necessary for display con-

tinuity.

Next, a study of the display contents will determine if the data
presented is adequate for the SCA operator to perform his duties of if
he is forced to gather information from other sources because of the
lack of information onAthe display. Finally, an»analjsis of the print-
outs of operator actions will determine which displayé and modules are
commonly used by the SCA operators duringvthe varioususimulated mis-

sion phases (i.e., launch/abort, network sim.ulations,“etc.)°

Analysis of this composite data could result in recommendations

for display changes and/or module changes in the SCA.
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SOME DATA REQUIREMENTS TO DETERMINE EFFICIENCY OF SCATS SIMULATIONS

The data required for an analysis of the efficiency of the use of
the SCATS equipment/program in providing simulated exercises will of
course be dependent on the system to be analyzed (i.e., SCATS or ASCATS).

The analyst must have a general knowledge of the data required by
the operators being "trained." One way to provide this knowledge would
be to interview certain key MOCR and/or remote site flight controllers
to determine if the data being supplied to them by SCATS is satisfaotory
for similation purposes. Whereas in an operational environment certain
information may be available to an operator in detailed form it may not
be necessary to present this in as detailed a manner in a simulation.
For example, a certain TLM parameter sampled at 50 times per second
in a real environment may be presented at a much lower rate during a
simulated mission and still serve the same purpose. It may also be
determined, by interviewing the flight controllers, that certain de-
sirable data is not available from SCATS. An example here would be
the inability of SCATS to produce certain faults in a spacecraft system
that would exercise a particular console operator. Once the minimum
acceptable requirements are derived, it is then possible to determine
if the data is available from SCATS. If it is not, it must be deter-
mined whether the limitation is a result of equipment or program re-
strictions or both. Exactly how this would be determined would vary
for each individual case. The following simple illustration will

indicate the result of an investigation of this type.

Certain remote sites are not assigned.by the sequencing program
of the GSSC to an SRS during a simulation if the time between AOS and
LOS is less than a specified minimum period. At present, this is an
acceptable limitation of the SCATS. If it should become unacceptable,
one possible solution would be to add a third SRS to SCATS, thereby
permitting three contingents of flight controllers to operate at the

same time.
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The data required to perform the analysis- of the time required for
the GSSC to generate TIM blt streams would be actual statistics on the
loading of the GSSC in a maximum simulation case. With these figures
we can then determine what impact a lower sample rate, which would

decrease the processing time, would have on the rest of the system.
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SECTION IV

SUMMA RY

The report on SCATS has presented the recommendations for three
ma jor areas of investigation, namely, the performance and operational
efficiency, the control and monitoring capability and the efficiency
of the use of the SCATS simulation capabilities. Certain salient
questions have been defined in each area of investigation and the
data and methods for compiling the data to answer these questions have
been set forth.

It is our opinion that the SCATS is an efficient and flexible
system presently capable of simulating most of the data presented to
MCCH and remote site flight controllers during all phases of a Gemini/
Agena mission to an acceptable degree of accuracy. It has, however,
certain limitations which do not appear at present to detract in any

significant way from the quality of the simulated exercises.

Future performance analyses should emphasize the areas of opera-
tional requirements and procedures. It is from these studies that the
most beneficial information would be derived to guide improvements or
modifications to the system, rather than detailed performance analyses

of individual SCATS equipments.
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APPENDIX A

This Appendix contains a bibliography of documents consulted in

accomplishing the analysis reported in this Part II of Volume III.

Simulation Data Acquisition Requirements Gemini VIII, 30 Dec. 1965.
Apollo SCATS System Specification, 8 Dec. 1965.
Simulation Control Subsystem, PHO-SM 304, Vols. I and IA.
Simulated Remote Sites Subsystem, PHO-SM 302.
Simulation Interface Subsystem, PHO-SM 305.
Simulation Data Subsystem PHO-SM 303. -
SCATS Operations document, '"Configuration and Initialization
PHO-TR145", Vols. I and IA.
SCATS Utilization Plan, MOCR Open-Loop Operations, PHO-TR145,
Vol. IT.
9. MCCH SCATS Operations document PHO-TR145, Vol. IIT.
10. GTA-8 Remote Site Data Processing Requirements, 3 Feb. 1966.
11. Simulation Control Subsystem Specification, Spec. No. 153300~
00069D, 5 June 1965.
12. Simulation Interface Subsystem Specification, Spec. No. 153400~
00092C, 20 Jan. 1964.
13. Simulated Remote Sites Subsystem Specification, Spec. No.
153100-000684, 16 Dec. 1963.
14. Simulation Data Subsystem Specification, Spec. No. 153200~
00070D, 24 Feb. 1966. ' -
15. Simulation Real-Time Computer Program Requirements, Single
Vehicle, PHO-TR120, Vol. 6A. '
16. Simulation Real-Time Computer Program Requirements, Gemini
_ Rendezvous, PHO-TR120, Vol. 6B. , :
17. Simulation Real-Time Computer Program Requirements, Gemini
Launch Vehicle, Gemini PHO-TR120, Vol. 6éC.
18. PCU Programming Requirement (Milestone II) Specification
153204-01207B, 10 July 1964. ‘
19. FCDAR-MSFN Gemini IX, 4 March 1966.
20. Notes on Gemini VI, Carl Shelley.
21. Notes on Gemini VIII, Carl Shelley.
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D. F. Bruce, BG6
H. E. Clenents, FS
D-05 D. E. Fielder, FA4 (3)
) L. R. Hamilton, FS3
g. IR. gir;rﬁ: J. D. Hodge, FC
. L . v C. C. Kraft, FA
A. Goldstein E. F. Kranz, FC
» L] “
C. C. Grandy H. E. Leech, FS3
S. J. Hauser, Jr. J. R. McCown, FS2
%. é. gawtgorne J. 4. Miller, FS2
. S. Herndon D. T. Myles, FS2
K. E. McVicar D. H. Owen., FC
. . . 3
J. 8. Quilty R. G. Palmer, F32
W. B. Woodward (20) L. L. Ruetz, FS3
) . ’
J. M. Satterfield, FS2 (80)
S. A, Sjoberg, FA
D-06 J. G. Zarcaro, FA4
D, R. Israel
D~51
A. Cohen
D, Goldenberg (5)
S. E. Rose
D-84
L. C. Driscoll
F. B. Kapper
M. W. Lodato
J. D. Porter
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